Recently, anemia has been widespread in both wild and cultured populations of the Japanese flounder Paralichthys olivaceus in Japan. The anemia is characterized hematologically by a low hemoglobin con centration (Hb), the mass appearance of immature eryth rocytes and abnormal erythrocytes having a vacuolated or weakly stained cytoplasm and histologically by the absence of clear lesions (Miwa and Inouye, 1999; Michine, 1999; Yoshinaga et al., 2000a) .
Although the causative agent of the anemia has not been fully clarified yet, several studies have been carried out to determine the cause. We previously reported that ane mic flounder had been infected with the monogenean parasite Neoheterobothrium hirame at high prevalences (Yoshinaga et al., 2000a) and that the hematological characteristics similar to those of the recent anemia were generated by challenging Japanese flounder with the parasite (Yoshinaga et al., 2001) , suggesting that the parasite is the cause of the anemia. On the other hand, Miwa and Inouye (1999) Juvenile Japanese flounder were purchased from a hatchery where Neoheterobothrium hirame infection had not been recorded.
The flounder were maintained at the National Research Institute of Aquaculture (NRIA), Mie, Japan, until used. Wild anemic flounder infected with N. hirame were captured in Wakayama Prefecture and transported to NRIA as a parasite source. Worm eggs were collected as previously described (Yoshinaga et al., 2001 ).
Fifty flounder (12-16 cm in total length) were maintained in each of two 150-L tanks. In one tank, a nylon mesh bag of 108 pm mesh opening containing 5000 worm eggs was suspended for the challenge.
In the other tank, as a control, a nylon mesh bag without any worm eggs was suspended.
On Day 56 post challenge, the challenged fish were divided into two 150-L tanks, each containing 25 and 24 fish (one fish escaped from the tank and was found dead after the challenge). Twenty-five of the control fish were transferred to one tank. All the fish were individually marked with plastic tags and bled by dorsal aorta puncture for hematological examination. Twenty-five of the challenged fish were treated to remove the worms as follows; adult worms on the buccal cavity wall were removed by forceps and immature worms on the gills were removed by 3% NaCIsupplemented seawater bathing for 60 min according to Yoshinaga et al. (2000b) . Removed adult worms were counted. The control fish and the rest of the challenged fish were maintained without treatment.
On Day 77, all fish were bled by dorsal aorta puncture for hematological examination and sacrificed for parasitological examination. During the experiment, the fish were kept at 15-16°C and fed commercial pellets three times a week. The water turnover rates were 10-20/day until Day 56 and 40-50/day from Day 56 until the end of the experiment.
In the hematological examination, Hb of blood was determined using the cianmethohemoglobin method and the blood smear was stained with the May-GrunwaldGiemza stain. Based on the microscopic observations of each blood smear, fish were given a blood smear type and a scored ratio of immature erythrocytes as follows according to Yoshinaga et al. (2001) . Blood smear types 1, 2, and 3 represent fish without abnormality in erythrocytes, with abnormality only in immature erythrocytes, with abnormality in both immature and mature erythrocytes, respectively. Scored ratios of immature erythrocytes 0, 1, 2, 3 and 4 represent the ratios of the number of immature erythrocytes to the total number of erythrocytes below 5%, 5-25%, 25-50%, 50-75%, and over 75%, respectively. In the parasitological examination, adult worms on the buccal cavity wall were removed and macroscopically counted.
Immature worms on the gills were counted according to Yoshinaga et al. (2001) .
Results
Neoheterobothrium hirame infections in the experimental groups on Day 56 and 77 are shown in Table  1 . In the control group, none of fish was infected with N. hirame. In the treated group, 24 out of the 25 fish were infected with adult worms on the buccal cavity wall on Day 56. On Day 77, none of the treated fish was infected, indicating the treatment was successful. Recovery from anemia in Japanese flounder 181 g/dL, and the ratio of the immature erythrocytes increased with decreasing Hb (Fig. 3) . The Hb showed a negative correlation with the number of adult worms in the treated group (Fig. 4) .
In the treated group, the mean Hb significantly increased to the level similar to that in the control group and fish having abnormal erythrocytes disappeared except one individual out of 24 fish by Day 77, three weeks after the worm removal ( Figs. 1 and 2) . Whilst, in the untreated group, the mean Hb was still signifi cantly lower than that in the control group on Day 77, although it slightly increased between Day 56 and Day 77. Moreover, abnormal erythrocytes were observed in as many as 13 out of 24 fish on Day 77. Yoshinaga et al. (2001) demonstrated that low Hb and abnormal immature and mature erythrocytes having a vacuolated or weekly stained cytoplasm, which charac terize the recent anemia in wild and cultured Japanese flounder, were induced in Japanese flounder by the chal lenges with Neoheterobothrium hirame and a negative correlation was observed between Hb and the number of adult worms in the challenged flounder. Also in the present study, similar results were obtained by the chal lenge with the parasite.
Although abnormal mature erythrocytes were observed only in one fish in the present study, it is probably because the fish were fed during the experiment, considering the result of Yoshinaga et al. (2001) that the starved fish showed severer anemic conditions than the fed fish in their chal lenge experiments with the parasite.
When N. hirame were removed from the anemic flounder generated by the parasite challenge, their hematological conditions clearly improved; the Hb increased to the levels observed in the control group, and fish having abnormal erythrocytes almost dis appeared.
Although the Hb increased to some extent also in the untreated group, the increase was much lower than that in the treated group. The increase in Hb in the untreated group seemed to be caused by natural detachment of N. hirame between Day 56 and Day 77, based on the observation that the prevalence of the parasite in the untreated group on Day 77 was lower than that in the treated group on Day 56 (Table  1) . Such natural detachments of N. hirame adults were also observed previously in both naturally and experimentally infected flounder (Yoshinaga et al., 2000a (Yoshinaga et al., , 2001 ). Miwa and Inouye (1999) suggested that N. hirame might be a vector of some causative virus of the recent anemia in Japanese flounder. However, in this study, the anemic flounder generated by the challenge with the parasite were successfully cured by the artificial removal of the parasite.
It is, therefore, clear that the anemia was caused by N. hirame itself. If some etiological agent other than N. hirame had caused the anemia and the parasite had acted as the vector of the agent, the anemia would not have been cured by the mere removal of the parasite.
To the best of our knowledge, there have been no reports so far demonstrating that monoge neans can act as vectors of some viruses. Moreover, no special organ needed to inject viruses into the host has been described for N. hirame (see Ogawa, 1999) . These also indicate that N. hirame is not a vector of any causative viruses. The present results support our pre vious suggestion that the anemia recently prevailing in wild and cultured Japanese flounder is caused by the blood-feeding activity of N. hirame (Yoshinaga et al., 2000a (Yoshinaga et al., , 2001 .
Furthermore, from the present result that the anemic condition disappeared in three weeks after the removal of the parasite, it is indicated that the removal of the parasite is effective as a treatment of the anemia.
